The research work aimed to present the usability of the cracked round bar specimen type for the determination of the linear-elastic plain strain fracture toughness values on steels; and to demonstrate the applicability of the testing results for the reliability assessment of structural elements having cracks or crack like defects. Micro-alloyed structural steel and heat resistant steel were tested at elevated temperatures, at 260 ºC and 410 ºC, respectively, using small diameter specimens. Four different methods (equations) were used for the evaluation of the tests, and the determined fracture toughness values were compared with each other. Reliability assessment calculations were realised on two structural element models, critical crack sizes and safety factors were determined for all cases.
Introduction
There are different test methods and specimen types [1] for the determination of the linear-elastic plane-strain fracture toughness K Ic . The research work aimed to present the usability of the cracked round bar (CRB) specimen type for the determination of fracture toughness (K Ic ) or its conditional (K Q ) value on steels; and to demonstrate the applicability of the testing results for the reliability assessment of structural elements having cracks or crack like defects. The direct aim of the paper is to compare different methods, which are used for the evaluation of the fracture toughness tests. Dieter [2] , Benthem-Koiter [3] , Kovcsik-Morozov [4] and Romaniv-Nikiforcsin [5] equations were used for the calculation of the test results, and the determined fracture toughness values were compared with each other. Table 1 . Table 1 . Tensile properties of the tested steels is specimen groups
Specimen group
Nominal test temperature (ºC) Number of specimens MTS type electro-hydraulic testing equipment with MTS 680:SSL environmental chamber was used for the fracture toughness tests, only fatigue precracking was executed at room temperature. 
Calculation of the fracture toughness tests results
Conditional K Q using Dieter and Benthem-Koiter equations are calculated as follows:
(1) (2) where:
Conditional K Q using Kovcsik-Morozov and Romaniv-Nikiforcsin equations are calculated as follows:
where: Fig. 2 . shows two specimens after the fracture toughness tests, at elevated temperature. It can be seen that the growing of the cracks was unsymmetrical during the fatigue precracking. (2) , (5) and (7), respectively. 
Reliability assessment calculations
Based our previous experience [6] [7] , reliability assessment calculations were realised on two structural element models, which were semi-elliptical, internal, circumferential surface crack and longitudinal crack in a pressurized pipe. Fig. 3 . shows both structural element models. Stress intensity factors were calculated using equations can be found in the literature [8] [9] [10] [11] . Critical crack sizes were calculated, using the minimum values of conditional fracture toughness (K Q ) can be found in Table 2 . Safety factors, conditional fracture toughness divided by stress intensity factor belonging to critical crack size, were determined for all cases
Summary and conclusions
Based on the determined results of our experimental tests and reliability assessment calculations, the following conclusions can be drawn.
Different yield strength values (upper elastic limit, lower elastic limit and offset yield strength) can be determined on the both tested steels, at different temperatures (23 ºC, 260 ºC and 410 ºC). Results of tensile tests executed on two groups (Group_1 and Group_2) of heat resistant steel are in harmony with each other. Results of tensile tests carried out on both steels (micro-alloyed structural steel, heat resistant steel) at different temperatures (23 ºC and 260 ºC, 23 ºC and 410 ºC, respectively) are in harmony with each other, too.
Crack round bar specimen is usable for linear-elastic plane-strain fracture toughness tests. All presented equations can be used for the determination of fracture toughness values; Kovcsik-Morozov equation is most sensitive to the unsymmetrical growth of the crack during fatigue precracking. Unfortunately, only invalid fracture toughness (K Ic ) values, conditional fracture toughness values (K Q ) can be evaluated after the investigations, which are caused by the small reachable diameter (diameter of the notched section) of the specimens.
The determined conditional fracture toughness values are usable for reliability assessment calculations, for calculation of critical crack sizes and safety factors on realistic structural elements having crack like defects (e.g. main steam-pipes, pressure vessels and boilers).
